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Abstract 
Direct simulation of 3D MHD liquid metal flows in the U-bend of DCLL blanket with flow channel insert (FCI) has been 
conducted based on electrical potential formula by using a consistent and conservative scheme, which can ensure the calculated 
current density conserve the charge and the calculated Lorentz force conserve the momentum. Compare study of the pressure and 
velocity distributions of liquid metal in the U-bend without external magnetic field or without FCI or with FCI are conducted in 
this paper. The results shows that: without external magnetic field, the flow structure is complex including the vortex generating 
at the turning; reverse flow happens at the end of FCI; the electrical conductivity of FCI plays a key role on MHD pressure drop, 
velocity distributions and so on. This work is the theoretical basis of optimizing blanket. 
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1. Introduction 
In the Dual Coolant Lead Lithium (DCLL) blanket, helium (He) is used to cool the first wall and blanket 
structure, while the Pb-17Li circulates for power conversion and tritium breeding [1-4]. The flow channel insert 
(FCI) as a key element of DCLL blanket is designed to be used inside the Pb-17Li coolant channel and manifold, 
which serves as: electrically insulator to reduce the MHD pressure drop, and as thermally insulator to decouple the 
hot Pb-Li17 from the ferritic [5-6]. The electromagnetic coupling effect resulting from an exchange of electric 
currents between two neighboring fluid domains that can lead to modifications of velocity distribution compared to 
that in electrical separated channels.  
Liquid metal MHD flows in fusion relevant condition have been carried out for decades. People focus on the 
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blanket issues common to all types of liquid metal blankets, such as velocity and temperature field distribution, the 
MHD pressure drop, complex geometries flows, heat transfer [7-10]. Velocity profiles of MHD flow in the front 
poloidal channel of the DCLL blanket were studied by Smolentsev et al. [11] based on a 2D model for a fully 
developed flow. However, it has been verified [12,13] that the liquid metal fluid in rectangular duct relevant to 
fusion blanket using FCI made of conductive or insulated walls with/without slot is a fully 3D flow. 
In the present simulation, the so-called U-bend is a system of two bends and a backward elbow, in which the 
magnetic field is perpendicular to the plane composed by the axes of the three parts. With FCI, the flow structure is 
complex including the vortex generating at the turning and reverse flow happening at the end of FCI. The effect of 
the complex phenomenon due to FCI on the important blanket feasibility issues such as MHD pressure drop, 
velocity distributions are analysed.  
2. Description for physical model 
The configuration of simplified DCLL blanket channel model with a FCI is illustrated in Fig.1. In the cross-
section view, the outer steel duct is cooled by helium. Laminar flows of liquid metal through a straight rectangular 
duct under a transversal strong magnetic field are considered. The FCI is separated from the ferritic wall by a thin 
gap filled with liquid metal. These gaps can avoid strong mechanical interaction between the FCI and the ferritic 
wall with lower temperature. In the following parts, flow inside the FCI is called “bulk flow”, and flow between FCI 
and ferritic wall is called “gap flow”. 
In our simulation, liquid metal flows along the poloidal direction. The current simulation is performed with a 
uniform strong magnetic field B0= 2T paralleling to toroidal direction(y-direction), as shown in Fig.1. The inlet 
velocity u0 is 0.065m/s and inlet temperature is 733K.  
 
Fig.1. (a) Configuration of poloidal duct with flow channel insert (FCI) (b) Z=0 plane 
3. Formulation 
The flow of viscous incompressible electrically conducting fluid under a uniform external magnetic field can 
be described by the Navier-Stokes equations (1) and (2), representing the conservations of momentum and mass. 
And electrodynamics equations (3) and (4) state the Ohm’s law and charge conservation [14]. The two sets of 
equations are coupled by Lorentz force ( )uJ B  and induced electric current field ×u B .  
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Where u , p J ,M  are the main variables according to velocity vector, kinetic pressure, electric current density, 
electrical potential, respectively. B  stands for the magnitude of external magnetic field. Fluid properties are Q ,V ,U , corresponding to the fluid viscosity, electric conductivity and fluid density.  
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4. Results and analysis 
4.1MHD effects 
 
Fig.2. (a) Velocity distribution and streamlines at Y=0, without magnetic field (b) with magnetic field 
 
Fig.3. (a) Velocity contours at Z=0, without magnetic field   (b) with magnetic field 
The effect of magnetic field on the flow structure is shown in Figs.2 and 3. It is obvious that the vortex 
generating at the corners has been damped by the magnetic field which makes the streamlines smooth. In addition, 
the magnetic field changes the velocity distribution. Without the magnetic field, the velocity profile is almost 
uniform except in the boundary layer which affected by the viscous force. Applying the magnetic field, velocity of 
the core flow will be suppressed by the Lorentz force while velocity in the side layer will be accelerated by the 
Lorentz force. Therefore, there are two jets in the side layer. Comparing with the no magnetic field case, magnetic 
field will greatly increase the pressure drop, shown in Fig.4. 
 
Fig.4. (a) Pressure distribution along flow direction of core line, without magnetic field   (b) with magnetic field 
Figure 5 shows the velocity distribution and streamlines at Y = 0. It is easy to find that there are reverse flows 
in the gap flow both near the start and the end of FCI. Due to the block of FCI, most of the flow rate goes into the 
bulk region. In addition, a big vortex generates at the start of FCI. 
As shown in Fig.6a, velocity jets exist both in bulk flow and side gap. Because of the different electrical 
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conductivity of FCI and Fe wall, jets in the side gap are asymmetric, a lower one located at the electrically 
conducting wall and a higher one located near FCI wall. As the increase of the electrical conductivity of FCI, jets in 
the bulk flow and gap flow become stronger. When the FCI is insulated, there are no jets in the bulk flow.  
MHD pressure variation along the poloidal direction is shown in Fig.6c. It can be seen clearly, an insulated FCI 
can greatly decrease pressure difference, comparing with the no FCI case. However, FCI with high conductivity acts 
as a good electric conductor, so it increases MHD pressure drop. This can indicate that for the liquid metal flow 
inside blanket, the materiel property plays an important role.  
 
Fig.5. (a) velocity distribution and streamlines at Y=0, near the start of FCI   (b) near the end of FCI 
 
Fig.6. (a) velocity contours at Z=0 for 500 /s mV   (b) velocity distribution at Z=0, Y=0 (c) pressure distribution. 
5. Conclusion 
3D MHD flows in a U-bend with different kinds of FCIs have been studied numerically to assess the effects of 
material properties of FCI on the pressure and velocity distributions of liquid metal. A consistent and conservative 
scheme for calculation of the Lorentz force and second-order accurate projection method has been used for 
simulation of blanket flows.  
The results and analysis show that: without external magnetic field, the flow structure is complex including the 
vortex generating at the turning; reverse flow happens at the end of FCI; the electrical conductivity of FCI plays a 
key role on MHD pressure drop, velocity distributions and so on. 
Acknowledgements 
The support of the National Natural Science Foundation of China (Nos. 10872212, 50936006), and National 
Magnetic Confinement Fusion Science Program in China with grant No. 2009GB10401 is gratefully acknowledged. 
References 
[1] S. Malang, E. Bojarsky, L. Bühler, H. Deckers, U. Fischer, P. Norajitra, et al., Dual coolant liquid metal breeder blanket, Proceedings of the 
17th Symposium on Fusion Technology, Rome, Italy, 1992, pp. 1424ˀ1428. 
[2] D.L. Smith, C.C. Baker, D.K. Sze, G.D. Morgan, M.A. Abdou, S.J. Piet, et al., Overview of the blanket comparison and selection study, 
Fusion Technol. 8 (1985) 10ˀ113. 
465 Long Chen et al. /  Procedia Engineering  126 ( 2015 )  461 – 465 
[3] M.A. Abdou, D. Sze, C. Wong, M. Sawan, A. Ying, N.B. Morley, S. Malang, US plans and strategy for ITER blanket testing, Fusion Sci. 
Technol. 47 (2005) 475-487.  
[4] N.B. Morley, Y. Katoh, S. Malang, B.A. Pint, A.R. Raffray, S. Sharaft, S. Smolentsev, G.E. Youngblood, Recent research and development 
for the dual coolant blanket concept in the US, Fusion Eng. Des. 83 (2008) 920-927. 
[5] M.A. Abdou, Perspective on fusion energy, Proceedings of TWAS-ARO meeting, Bibliotheca Alexandria, 2009, pp. 4. 
[6] M.S. Tillack, S. Malang, High performance PbLi blanket, Proceedings of the 17th IEEE/NPSS Symposium on Fusion Energy, San Diego, 
California, 1997, pp. 1000-1004. 
[7] Z.Y. Xu, C.J. Pan, X.J. Zhang, L. Zhao, J. Zhang, G.J. Yang, Primary experimental results of MHD flow in the duct with flow channel insert, 
Nuclear Fusion and Plasma Physics 29 (2009) 6-9.  
[8] M.A. Abdou, N.B. Morley, A.Y. Ying, S. Smolentsev, P. Calderoni, Overview of fusion blanket R&D in the US over the last decade, Fusion 
Eng. Technol. 37 (2005) 401-422. 
[9] D. Sutevski, S. Smolentsev, N.B. Morley, M.A. Abdou, 3D numerical study of MHD flow in a rectangular duct with flow channel insert, 
Fusion Sci. Technol. 50 (2006) 107-119. 
[10] S. Smolentsev, M.A. Abdou, N.B. Morley, et al., Numerical analysis of MHD flow and heat transfer in a poloidal channel of the DCLL 
blanket with a SiCf/SiC flow channel insert, Fusion Eng. Des. 81 (2006) 549-553. 
[11] S. Smolentsev, N.B. Morley, M.A. Abdou, Code development for analysis of MHD pressure drop reduction in a liquid metal blanket using 
insulation technique based on a fully developed flow model, Fusion Eng. Des. 73 (2005) 83-93. 
[12] M.J. Ni, S.J. Xu, Z.H. Wang, N.M. Zhang, Direct simulation of three-dimensional MHD flows in liquid metal blanket with flow channel 
insert, Fusion Sci. Tech. 60 (2011) 292-297. 
[13] S.J. Xu, M.J. Ni, Direct simulation of MHD flows in dual-coolant liquid metal fusion blanket using a consistent and conservative scheme, 
Theo. Appl. Mech. Lett. 1 (2011) 1-4. 
[14] M.J. NI, R. Munipalli, P. Huang, et al., A current density conservative scheme for incompressible MHD flows at a low magnetic Reynolds 
number. Part II: on an arbitrary collocated mesh, J. Comp. Phys. 227 (2007) 205-228. 
 
